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Description 

[0001] This invention relates to reluctance machines 
and more particularly to switched reluctance motors. In 
particular the present invention relates to a method and 5 
apparatus for increasing the starting and running torque 
of a two-phase switched reluctance motor. 
[0002] In general, a reluctance machine is an electric 
motor in which torque is produced by the tendency of its 
movable part to move into a position where the reluc- 
tance of a magnetic circuit is minimized, i.e. the induct- 
ance of the exciting winding is maximized. 
[0003] In one type of reluctance motor the energisa- 
tion of the phase windings occurs at a controlled fre- 
quency. These motors are generally referred to as syn- 
chronous reluctance motors. In a second type of reluc- 
tance motor, circuitry is provided for detecting the angu- 
lar position of the rotor and energising the phase wind- 
ings as a function of the rotor's position. This second 
type of reluctance motor is generally known as a 
switched reluctance motor. 

[0004] Figure 1 illustrates an exemplary switched re- 
luctance motor having a stator 10 including six stator 
poles 11-16. Positioned within the bore formed by the 
stator and the inwardly pointing stator poles 11-16 is a 
rotor 18 which is mounted on bearings and is free to ro- 
tate. The rotor 18 has a number of outwardly extending 
projections 19 which form the rotor poles. 
[0005] Associated with each stator pole is a wound 
coil of wire 17. In the illustrated motor, the coils of op- 
posing stator poles are coupled together to form three 
phases: Phase A (coils from poles 11 and 14); Phase B 
(coils from poles 12 and 15); and Phase C (coils from 
poles 13 and 16). In the example illustrated in Figure 1, 
when Phase A is energised, electric current will flow 
through its coils such that stator pole 11 becomes, say, 
an inward-pointing electro-magnet of positive polarity 
and stator pole 14 becomes an electro-magnet of neg- 
ative polarity. These electromagnets will produce a force 
of attraction between the energised stator poles and the 
rotor poles which will produce a torque. 
[0006] By switching energisation from one phase to 
another the desired torque may be maintained regard- 
less of the angular position of the rotor. By switching the 
energisation of the phase windings to develop positive 
torque, the motor may be operated as a motor; by en- 
ergising the phase windings to develop a retarding 
torque the motor may be operated as a brake or gener- 
ator. 

[0007] Figure 2 generally illustrates torque profiles for 
the three phases of the motor illustrated in Figure 1 over 
three hundred and sixty degrees of rotor rotation. The 
torque profiles have been simplified for clarity of expla- 
nation. Torque profile 20 generally illustrates the torque 
profile of Phase A of the motor illustrated in Figure 1 that 
would result if a constant current is passed through the 
winding coils positioned about stator poles 11 and 1 4 as 
a function of the rotor's angular position. As indicated in 



Figure 2, there is an initial rotor position 21 when the 
rotor poles are completely unaligned with the stator 
poles 11 and 14. In this position, the energisation of the 
phase winding for Phase A produces no torque. When 
the rotor is moved from this initial position, a positive 
torque is exerted on the rotor. As indicated by line 20 in 
Figure 2, as the rotor's position nears the stator pole, 
the torque produced by the energised winding around 
the stator pole increases. The torque will continue to in- 
crease until just after the rotor and stator poles begin to 
overlap and will thereafter decrease. When the rotor and 
stator poles are completely aligned, for example at po- 
sition 22, the torque will drop to zero. As the rotor's po- 
sition continues to change with respect to the stator 
pole, negative torque will be produced until the rotor is 
again completely unaligned with the stator pole, for ex- 
ample at point 23, where the produced torque again be- 
comes zero. As Figure 2 indicates, the torque profile cor- 
responding to the rotor's rotation from 180 to 360 de- 
grees is identical to the 0-1 80 torque profile but offset 
180 degrees. 

[0008] Because the rotor and stator poles are regu- 
larly placed around the rotor and stator in the example 
of Figure 1. the torque profiles for the other two phases 
are the same as that for Phase A, but are displaced by 
60 degrees. In Figure 2, the torque profile for Phase B 
is represented by line 24 and the torque profile for Phase 
C is illustrated by line 25. In general, for a reluctance 
machine with rotor and stator poles arranged in a sym- 
metric fashion, the torque profiles of all phases will be 
the same but displaced 360/(N f * p) where N f is the 
number of rotor poles and p is the number of phases. 
[0009] In many motor applications it is desirable to be 
able to energise the motor such that it produces a rela- 
tively high torque. Such a desired constant torque is il- 
lustrated by the line T D in Figure 2. Referring again to 
Figure 2, it maybe noted that, for any given rotor position 
there is always a phase that can be energised to give 
positive torque near the desired torque T D . For example, 
if the rotor is at position 26, Phase A can be energised 
to provide a torque near the desired torque T D . If the 
rotor is at position 27, Phase B can be energised to give 
a torque near T D ; and if the rotor is at position 28. Phase 
C can be energised to produce a torque close to the de- 
sired torque T D . 

[001 0] In addition to having the capability of providing 
a relatively high torque T D , regardless of rotor position, 
the reluctance motor of Figure 1 is also capable of pro- 
viding a relatively constant, continuous torque, by al- 
ways energising the winding that produces the torque 
most near the desired torque T D . In general, for any re- 
luctance motor having three or more phases, it is always 
possible to energise a winding and produce a torque at 
or near a desired constant torque T D . 
[0011] Typical two-phase reluctance motors : unlike 
the motor illustrated in Figure 1 , are not capable of pro- 
ducing a relatively high desired torque T D at all possible 
rotor positions. This is because, for two-phase motors, 
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the regions of positive torque for the different phases do 
not significantly overlap. This is generally illustrated in 
Figures 3 and 4. 

[0012] Figure 3 generally illustrates a typical two- 
phase reluctance motor. The two-phase motor includes s 
a stator 30 having four stator poles 31 -34, around which 
coils 17 are placed. Opposite coils are connected to 
form two phase windings: Phase A, comprising the coil 
from poles 32 and 34, and Phase B comprising the coils 
around poles 31 and 33. The motor also includes a rotor 
35 having two rotor poles. In the motor illustrated in Fig- 
ure 3, the rotor 35 is constructed such that a "stepped 
air-gap" 36 is provided at each rotor pole. As those 
skilled in the art will recognize, the introduction of the 
stepped air-gap 36 "stretches' the positive region of the 
torque profile for each phase of the motor. This renders 
the torque profile of each phase of the motor asymmet- 
rical in that the region of positive torque extends over a 
larger angle than the region of negative torque. This 
asymmetrical torque profile provides a slight overlap be- 
tween the positive torque regions of the two-phases and 
ensures that, for any rotor position, it is possible to gen- 
erate positive torque. The use of stepped air-gaps al- 
lows for starting of a two-phase motor at any rotor posi- 
tion. The use of stepped-air gap rotors for two-phase 
reluctance motors is generally known in the art and is 
discussed, for example, in El-Khazendar & Stephenson, 
Proceedings of the ICEM Munich (1 986). 
[001 3] Figure 4 generally illustrates the torque profile 
for the two-phase motor of Figure 3 over one hundred 
and eighty degrees of rotation when a constant current 
flows through the motor windings. Line 41 generally il- 
lustrates the torque profile for Phase A and line 42 gen- 
erally illustrates the torque profile for Phase B. As illus- 
trated, the use of the stepped air-gap rotor stretches the 
torque profiles of the two-phases such that there are 
overlap regions, near points 43 and 43', where the pro- 
duced torque from both phases is positive. Points 43 
and 43' represent the points where the two torque pro- 
files cross. 

[0014] In known two-phase switched reluctance mo- 
tors, a rotor position transducer (RPT) with a single po- 
sition sensor, such as a Hall-effect device, an optical de- 
vice or capacitive or magnetically based device, is used 
to control the energisation of the windings. A single sen- 
sor device is used because the two phase windings are 
each energised one-half of the electrical cycle. Thus, 
when the output of the single sensor is one level (e.g., 
a logic one) the first phase winding is energised. When 
the output of the single sensor changes to the opposite 
logic level (e.g., logic zero) the first phase winding is de- 
energised and the second phase winding is energised. 
Under this approach, the energisation of the two phase 
windings is mutually exclusive and the time duration of 
the single sensor's logic one is substantially equal to the 
time duration of the sensor's logic zero output. Typically, 
the points at which one phase winding is de-energised 
and the other energised is the point at which' the torque 



profiles of the two-phases cross (i.e., points 43 and 43' 
in Figure 4). 

[001 5] Figures 5 and 6 illustrate an RPT typical of the 
type used with known two-phase switched reluctance 
motors. In the typical configuration, a shaft 50 is coupled 
to the rotor 35 of a two-phase switched reluctance mo- 
tor. Coupled to the shaft 50, so that it rotates with the 
shaft, is a vane 51 that has two different regions: mark 
regions 52 and space regions 53. A sensing element 54 
is positioned at a location sufficiently near the shaft to 
sense whether it is near a mark or space region of the 
vane. In known two-phase switched reluctance motors, 
each mark and space region of the vane is substantially 
equal, with each being generally defined by an angular 
extent of approximately (180/'N r ) degrees, where N r is 
the number of rotor poles. 

[001 6] In operation, the sensing element 54 produces 
a first signal of one logic value (e.g., a high voltage or 
logic "1 ") when a mark region of the vane is located near 
the sensing element 54 and produces a second signal 
of a different logic level (e.g., a low voltage or logic "0 U ) 
when a space region of the vane is located near the sen- 
sor. As those skilled in the art will recognize, when a 
vane 51 having say, two equal mark/space regions is 
utilized, over each 180 degree rotation of the rotor the 
sensing device 54 will produce a logic "1 " signal over 
half of the rotation and a logic a 0" signal over the other 
half of the rotation. This is generally illustrated in Figure 
6A, where the output of the sensing device 54 is shown 
to be a logic "1" as the rotor rotates from the position 
defined as 0 degrees to the position defined as 90 de- 
grees, and a logic "0* as the rotor rotates from the 90 
degree position to the 180 degree position. Since the 
construction of the vane is symmetric, the signal repeats 
over the period of rotation from 180 degrees to 360 de- 
grees. 

[0017] In known two-phase switched reluctance mo- 
tors, since each phase winding is energised mutually ex- 
clusively of the other, the output from the single sensing 
device 54 can be used to control the energisation of the 
motor. For example, during the interval when the output 
of sensor 54 is logic "1 one phase winding, e.g., Phase 
A, is normally energised and Phase B de-energised. 
During the interval over which the output of sensing de- 
vice 54 is logic "O" the other phase winding, Phase B in 
this example, is energised and Phase A is de-energised. 
This is generally illustrated in Figures 6B and 6C. As 
those skilled in the art will recognize, the electronics re- 
quired to convert the output of sensing device 54 into a 
switching signal for the phase windings are straightfor- 
ward and can be constructed at low cost. 
[0018] There are a number of types of vanes 51 and 
sensing devices 54 that are used in switched reluctance 
motors. For example, vane 51 can comprise a disk with 
light transmissive and light blocking elements that de- 
fine the mark and space regions, and sensing device 54 
can comprise a sensor with a light source and a light 
detector where the mark regions of the vane 51 interrupt 
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the light beam from the source to the detector. For the 
light transmissive/light blocking vanes it is sometimes 
desirable to slightly adjust the angular extent of the mark 
regions to compensate for the finite width of the light 
beam so that sensor 54 produces logic high and logic s 
low signals of equal duration. As another example, vane 
51 can include mark regions of ferromagnetic material 
and sensing device 54 can comprise a Hall-effect device 
that produces a first logic signal when the sensor. is in 
the presence of the ferromagnetic signal and a second 
logic signal otherwise. For the type of sensing device 
illustrated in Figure 5, it is known to adjust the angular 
extent of the mark region to compensate for the proxim- 
ity effect of flux fringing in the air adjacent to the ferro- 
magnetic vane. The adjustment is made so that the sen- 
sor 54 produces logic high and logic low signals of equal 
duration. 

[001 9] For typical two-phase motors, such as the mo- 
tor of Figure 3, there exists a rotor position, near points 
43 and 43' in Figure 4, where the torque that the motor 
is capable of producing is relatively low. In many two- 
phase motors, the torque at this low point can be 30% 
or less of the maximum torque that the motor can pro- 
duce. This low torque point can cause problems in that 
it can be difficult to start the motor if the rotor comes to 
rest at a position near the positions represented by 
points 43 and 43'. Additionally, when the motor is run- 
ning, the low torque point results in significant variations 
in the torque output of the motor. These variations in 
torque output, referred to as torque ripples, are gener- 
ally undesirable. 

[0020] One known method of increasing the starting 
torque of the motor and decreasing the amount of torque 
ripple, is to profile the magnitude of the current applied 
to the phase windings such that the current flowing 
through the phase winding (and therefore the produced 
torque) is greater at points 43 and 43' than it would oth- 
erwise be. This approach is undesirable because it not 
only requires relatively complex control circuitry that off- 
sets the low-cost, simple design advantages that make 
two-phase reluctance motors desirable, but also re- 
quires a considerable up-rating of the power converter 
to handle the increased current. 
[0021] The present invention provides a method and 
apparatus for increasing the starting torque of two- 
phase reluctance motors and for decreasing the torque 
ripple in two-phase machines without profiling the cur- 
rent in the phase windings and without increasing the 
current rating of the switches in the power converter. 
[0022] The present invention is defined in the accom- 
panying independent claims 1 , 9 and 12. Preferred fea- 
tures are recited in the dependent claims. 
[0023] The present invention is generally directed to 
a method of operating a two-phase switched reluctance 
motor to produce increased and smoother torque, 
where the motor includes a rotor, a first phase winding 
and a second phase winding, by energising both phase 
windings simultaneously during part of each rotational 



period of the rotor. 

[0024] In one embodiment of the present invention, a 
control system for controlling two-phase switched reluc- 
tance motors is provided to produce torque in a desired 
direction. The control system includes a first rotor posi- 
tion transducer that produces a signal of a first level 
whenever energisation of the first phase winding will 
produce torque in the desired direction, a second rotor 
position transducer that produces a signal of the first lev- 
el whenever energisation of the second phase winding 
will produce torque in the desired direction. The control 
system also includes a first switching device electrically 
coupled to the first rotor position transducer for energis- 
ing the first phase winding whenever the signal pro- 
duced by the first rotor position transducer is of the first 
level and a second switching device electrically coupled 
to the second rotor position transducer for energising 
the second phase winding whenever the signal pro- 
duced by the second rotor position transducer is of the 
first level. 

[0025] A still further embodiment of the present inven- 
tion includes a switched reluctance motor system com- 
prising a two-phase switched reluctance motor including 
a stator, a first phase winding, a second phase winding 
and a rotor. Associated with the motor are first and sec- 
ond rotor position transducer sensors for producing sig- 
nals that respectively control the energisation of the first 
and second phase windings. 

[0026] Yet another embodiment of the present inven- 
tion provides a rotor position transducer assembly for a 
two-phase switched reluctance motor including a rotor, 
a shaft coupled to the rotor, a first phase winding and a 
second phase winding wherein the rotor and the phase 
windings are arranged to produce torque in a desired 
direction. The rotor position transducer assembly of this 
embodiment includes a first sensing device for produc- 
ing signals to control the energisation of the first phase 
winding; a second sensing device for producing signals 
to control the energisation of the second phase winding; 
and a vane coupled to the shaft where the vane includes 
mark regions and space regions. 
[0027] Other aspects and advantages of the present 
invention will become apparent upon reading the follow- 
ing detailed description of exemplary embodiments and 
upon reference to the drawings in which: 

Figure 1 illustrates a typical three-phase reluctance 
motor having six stator poles and two rotor poles; 
Figure 2 generally illustrates the torque profile for 
the three-phase reluctance motor of Figure 1; 
Figure 3 illustrates a two-phase switched reluc- 
tance motor having four stator poles and a two pole, 
stepped-air gap rotor; 

Figure 4 generally illustrates the torque profile for 
the two-phase reluctance motor of Figure 3; 
Figure 5 generally illustrates an RPT of the type 
used in known switched reluctance motors; 
Figures 6A-6C generally illustrate the output of the 
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sensing device of the RPT of Figure 5 and the 
switching signals for the phase windings of the two- 
phase reluctance motor of Figure 3; 
Figure 7 generally illustrates a two-phase switched 
reluctance system constructed in accordance with 
the present invention; 

Figure 8 schematically illustrates a controller that 
may be used in the present invention; 
Figure 9A generally illustrates the torque profile of 
a two-phase switched reluctance motor that may be 
used in the present invention: 
Figure 9B generally illustrates the available torque 
and switching signals for a switched reluctance mo- 
tor system constructed in accordance with the 
present invention; 

Figure 10 illustrates in greater detail the construc- 
tion and positioning of the RPT of the present inven- 
tion; and 

Figure 11A-11D generally illustrate the generation 
of switching signals in response to the rotor's angu- 
lar position in accordance with the present inven- 
tion. 

[0028] Similar reference characters indicate similar 
parts throughout the several views of the drawings. 
[0029] In the present invention, a switching arrange- 
ment is provided for energising the phase windings of a 
two-phase switched reluctance motor such that the 
starting torque of the motor is increased and the torque 
ripple decreased. In the present invention, an RPT with 
two sensing heads is used to control the energisation of 
the phase windings where each RPT sensing head in- 
dependently controls the energisation and de-energisa- 
tion of one of the phase windings. Moreover, in the 
present invention, each of the two RPT sensing heads 
is configured such that the phase winding correspond- 
ing to each RPT switches ON near the point that its en- 
ergisation will produce positive torque and switches 
OFF when its torque drops near zero. In this switching 
scheme, there are periods during each complete rota- 
tion of the rotor in which both phase windings are ener- 
gised at the same time. During these periods the torque 
produced by the energisation of the two windings is ad- 
ditive, resulting in a greater torque production than 
would be available if only a single phase winding were 
energised. 

[0030] Figure 7 generally illustrates a two-phase 
switched reluctance motor system constructed in ac- 
cordance with the present invention. The system gen- 
erally includes a switched reluctance motor 70, includ- 
ing stator 71 and rotor 72 and an RPT comprising a spe- 
cially configured vane 74 coupled to the motor shaft and 
two sensing devices 75 and 76. The outputs of the sens- 
ing devices 75 and 76 are provided to an electronic con- 
troller 77 that controls the energisation of the phase 
windings of motor 70. 

[0031] The rotor 72 of the motor 70 in Figure 7 is a 
two-pole stepped air-gap rotor similar to that illustrated 



in Figure 3. The present invention is not limited lo the 
use of stepped air-gap rotors, but applies to all two- 
phase reluctance motors in which each phase can pro- 
duce positive torque for more than one-half of the rotor's 
5 angular rotation. The invention is applicable to stepped, 
graded or other forms of rotor. 

[0032] The construction of the motor for use in the 
present' invention may, except for the RPT, follow con- 
ventional switched reluctance motor construction meth- 

io ods. For example, the stator may be constructed of a 
number of stacked stator laminations having stator 
poles around which are wound the motor windings. The 
rotor may be constructed of a number of stacked rotor 
laminations affixed to a shaft. The construction of two- 

1$ phase switched reluctance motors is generally under- 
stood and is not set forth in detail herein. 
[0033] Unlike known two-phase motor systems, such 
as the one illustrated in Figure 5 : the two-phase motor 
system of the present invention uses an RPT with two 

20 sensing devices 75 and 76 which are influenced by the 
same vane 74. In the present invention, each of the two 
sensing devices is associated with a different winding 
phase and each sensing device is configured and posi- 
tioned to produce a first logic level signal (e.g., a logic 

25 high) when energisation of its associated phase winding 
will result in positive torque, and a second logic level 
signal (e.g., a logic low) at all other times. 
[0034] The electronic controller 77 is also coupled to 
switching devices (not shown in Figure 7) that are cou- 

30 pled between the phase windings of the motor and a 
source of DC voltage. 

[0035] Figure 8 schematically illustrates a simplified 
diagram of the controller 77 that may be used in the 
present invention. As illustrated in Figure 8, a source of 

3S DC voltage +V is provided across DC bus lines 80 and 
81. Coupled across the DC bus lines 80 and 81 are the 
phase windings of the motor 70 schematically repre- 
sented as inductances 82 (representing Phase A) and 
83 (representing Phase B). Switching devices 84a and 

40 85a couple the phase windings to the positive line and 
switching devices 84b and 85b couple the phase wind- 
ings' to the negative or ground line 81 of the DC bus. 
The switching devices may be relays, power transistors, 
power MOSFETs, IGBTs, MOS controlled thyristors 

45 (MCTs) or the like. Return diodes 86a and 87a are cou- 
pled to the phase winding and the positive line 80 of the 
DC bus to provide a current path when the switching 
devices 84 and/or 85 are turned off and there is current 
still in the associated phase winding. Similarly, diodes 

50 86b and 87b connect the phase winding to the lower DC 
bus line. 

[0036] As illustrated in Figure 8, the controller 77 re- 
ceives the output signals from the sensing devices 75 
and 76 and generates switching signals to control the 
55 switching devices. In the simplified schematic of Figure 
8, the electronic controller comprises signal conditioning 
circuits 88 and 89 that receivexlean up and amplify the 
output signals from sensing devices 75 and 76 respec- 
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tively to provide switching signals for the switching de- 
vices. In alternative embodiments the conditioning cir- 
cuits 88 and 89 may be eliminated and the outputs from 
the sensing devices 75 and 76 used directly to control 
switching devices. In the exemplary schematic of Figure 
8, the switching devices are such that a logic high output 
from the sensing devices will produce a switching signal 
that turns on the appropriate switching devices and en- 
ergises the phase winding associated with these devic- 
es. For example, if the output of the sensing device 75 
is a logic high, the controller 77 will produce a signal that 
turns on the switching devices 84a and 84b, thus pro- 
viding an electrical path between the positive bus line 
80 and the ground bus line 81 through the phase winding 
82. When the switching devices 84a and 84b are turned 
on, current will flow through the phase winding 82 until 
the switching devices 84a and 84b are turned off, at 
which time the current in the phase 1 winding 82 will de- 
cay through the path provided by the diodes 86a and 
86b. 

[0037] As those skilled in the art will recognize, the 
simplified controller 77 illustrated in Figure 8 is but one 
example of a controller that can be used in accordance 
with the present invention. The present invention is ap- 
plicable to a large number of controllers and is not in- 
tended to be limited to the exemplary controller of Figure 
8. For example, a more complicated controller could be 
used that controlled the current in the phase windings 
by chopping the voltage applied to the windings through 
controlled switching of the switching devices. 
[0038] As discussed above, the present invention 
concerns the control of a two-phase switched reluctance 
motor such that the starting torque is increased and the 
torque ripple decreased. The way that these advantag- 
es are obtained in the present invention is explained 
generally by reference to Figures 9A and 9B. 
[0039] Figure 9A illustrates in solid lines the torque 
profile for the two-phase motor of Figure 7 over 360 de- 
grees of rotor rotation. Some of the details have been 
exaggerated to aid explanation. The line marked 90 rep- 
resents the torque profile that will result if constant cur- 
rent is applied to the winding of Phase A and the line 
marked 91 illustrates the same information for Phase B. 
As illustrated, there is a point 93 where the positive 
torque produced by energisation of either Phase A or 
Phase B alone is relatively low. The inventor of the 
present invention has recognized that by energising the 
windings in accordance with the present invention it is 
possible to greatly increase the starting torque of a two- 
phase motor if it should stop at a position corresponding 
to position 93 and to decrease the torque" ripple. In par- 
ticular, if the windings are energised independently of 
one another it is possible to effectively double the min- 
imum torque and minimize the torque ripple. For exam- 
ple if each phase winding is energised near the time it 
starts to produce positive torque and de-energised near 
the time it begins to produce negative torque, there will 
be rotor positions for which both phase windings are en- 



ergised. During these intervals, the torque produced by 
the two windings will be additive, resulting in increased 
torque production of the motor. 
[0040] Figure 9B illustrates in a dashed line the torque 
5 profile that will result if the phase winding for Phase A 
is energised at point 94 (near the point where Phase A 
begins to produce positive torque) and de-energised at 
point 96 (near the point where Phase A begins to pro- 
duce negative torque) and the phase winding for Phase 
io B is energised at corresponding point 95 and de-ener- 
gised at point 98. As the broken line indicates^ during 
the interval when both phases are energised, the torque 
is additive and the produced torque will increase signif- 
icantly, resulting in a much higher starting torque at point 
is 93 and a much smaller torque ripple. It should be noted 
that the specific energisation and de-energisation posi- 
tions illustrated in Figure 9B are not critical to the 
present invention. As long as there are time intervals 
during which both phase windings are energised and 
20 produce positive torque, it is possible to increase the 
starting torque of the motor and reduce torque ripple. 
[0041] In order to implement the switching arrange- 
ment of the present invention, a specially configured and 
positioned RPT with two sensing devices may be used 
25 to control the energisation of the phase windings. Two 
sensing devices are necessary because a single sens- 
ing device is used to control independently the energi- 
sation of each phase winding. A specially configured 
RPT is necessary because the time duration of the logic 
30 high signal from each sensing device is required to be 
different from the time duration of its logic low signal. 
This is unlike known RPTs for two-phase motors. In the 
present invention, the specially configured RPT is used 
because, with stepped-gap motors, the ratio of duration 
35 of the positive torque region of the motor's torque curve 
to the negative torque region is greater than one. In the 
present invention, the RPT is configured and arranged 
such that one sensing device produces a first logic level 
signal (e.g., a logic 1) over the portion of the electrical 
40 cycle during which energisation of the phase winding as- 
sociated with that device will produce positive torque on 
the rotor and a second logic level signal (e.g. , logic zero) 
during the portion of the electrical cycle during which 
energisation of the phase winding associated with that 
^5 device will produce negative torque on the rotor. 

[0042] The lower portion of Figure 9B generally illus- 
trates the desired outputs from an RPT that may be used 
in the present invention, though the absolute values of 
the angles used are exemplary. A first digital signal 
50 RPT A represents a desired output for the sensing device 
associated with phase winding A. As illustrated in Figure 
9B, the output of this sensing device is logic high over 
the portion of the rotor's rotation cycle during which pos- 
itive torque is produced by the rotor when Phase A is 
55 energised and logic low at all other times. Similarly, the 
output of RPT B is logic high when the torque produced 
by energising Phase B is positive and logic low at all 
other times. Notably, between points 95 and 96 (the 
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point corresponding to the energisation of phase wind- 
ing B and the de-energisation of phase winding A) the 
output of both sensing devices is high, since energisa- 
tion of each phase will produce positive torque. In a like 
manner both windings will be energised between the 
points 97 and 98 : 99 and 100, and 102 and 94. 
[0043] As discussed above, in the present invention 
the outputs of the RPT sensing devices are applied to 
the electronic controller 77 which uses the RPT outputs 
as switching signals to supply current to the appropriate 
windings. In the above example, the electronic controller 
77 should supply current to the winding Phase A when- 
ever the output of RPT A is high and supply current to 
winding B whenever the output of RPT B is high. The con- 
struction of electronic controllers that supply current to 
phase windings in a reluctance motor in response to 
RPT signals is known in the art and is not discussed in 
detail because the particular construction of the elec- 
tronic controller is not essential to the present invention 
as long as current is applied according to the RPT sig- 
nals as described above. 

[0044] As Figure 9B illustrates, the ratio of the portion 
of the rotor's rotation cycle during which the output of a 
given RPT is logic high to the ratio over the portion of 
the rotor's rotation cycle during which it is low is not unity 
as is typical with known RPTs. Accordingly, specially 
configured RPTs must be used. 

[0045] Figure 10 illustrates in greater detail one ex- 
ample of the RPT configuration of the present invention 
which is generally illustrated in Figure 7. Figure 10 gen- 
erally illustrates the shape of vane 74 and the position- 
ing of sensing devices 75 and 76. 
[0046] In the embodiment of Figure 10, the sensing 
devices 75 and 76 are of the type that include a light 
source and a light detector. Accordingly, the vane 74 il- 
lustrated in Figure 10 comprises light transmissive por- 
tions 1 1 0 and 1 1 1 (the "space" portions of the vane) and 
light inhibiting portions 1 1 2 and 1 1 3 (the "mark" portions 
of the vane). Unlike the vanes used with known two- 
phase switched reluctance motors, the vane 74 con- 
structed in accordance with the present invention has 
mark and space regions that are unequal. 
[0047] The operation of RPTs using switching vanes 
and light detectors is well understood. Generally, a light 
beam is provided which passes from a light source to a 
detector. When the light beam is incident upon the de- 
tector, the detector produces a digital signal at a first 
logic level (e.g., a logic "0"). When the light beam is in- 
terrupted, for example by the passing of a vane between 
the beam source and the detector, the beam is not inci- 
dent on the detector and the detector produces a digital 
output at a second logic level (e.g., a logic "1"). In the 
present example, the time interval when the detector 
produces a logic "1" signal is referred to as the "mark- 
period and the time interval over which the detector pro- 
duced a logic "0" signal is referred to as the "space" pe- 
riod. 

[0048] Referring back to Figure 10, it may be noted 



that the angular extent of the mark portions 112, 113 of 
the vane 74 vary significantly from the angular extent of 
the space portions 110, 111 of the vane. In this embod- 
iment of the present invention, the vane 74 should be 

5 constructed such that the mark portions of the vane cor- 
respond directly to the positive torque regions of the 
torque profile. For example, referring to Figure 9B it may 
be noted that the positive torque region for Phase A ex- 
tends over the region defined by the rotor's rotation from 

io the 0 degree position to the 120 degree position and 
over the region defined by the rotor's rotation from the 
180 degree position to the 300 degree position Accord- 
ingly the vane 74 has a first mark region 112 with an 
angular extent from a 0 degree position to a 1 20 degree 

75 position and a second mark region 113 with an angular 
extent from the 180 degree position to the 300 degree 
position. 

[0049] The construction of rotor vane 74 in Figure 10 
is exemplary only. As those skilled in the art will recog- 
20 nize, the present invention is applicable to other two- 
phase motors having different torque profiles with differ- 
ent regions of positive torque and to two-phase motors 
with different numbers of poles. In general however the 
mark regions of the vane should correspond to the pos- 
25 itjve torque regions of a given phase of the motor. In 
practice, the positive torque producing region for a given 
motor can be calculated experimentally or, preferably, 
determined empirically by examination of the motor. 
Each phase winding can be energised and the rotor can 
30 be rotated from the position corresponding to 0 mechan- 
ical degrees to 360 mechanical degrees while the re- 
sulting torque is measured through the use of known 
torque-measuring techniques. 

[0050] As the above indicates, once the positive 
35 torque producing regions of the phase windings are 
known, the construction of the appropriate vane is fairly 
straight forward. The positive torque producing region 
for a given phase is determined and the mark regions 
of the vane are then sized to correspond to the positive 
40 torque regions. After the mark and space regions of the 
vane have been determined, the RPT vane may be con- 
structed using known cutting and manufacturing tech- 
niques. 

[0051 ] As those skilled in the art will recognize and as 
45 generally discussed above, to generate the appropriate' 
RPT signals, it is sometimes necessary to slightly in- 
crease the desired mark region to compensate for the 
fact that the light beam that is interrupted by the vane 
has a finite width. To the extent that beam width com- 
50 pensation is required, it should be added on to the vane 
after the mark/space regions have been determined in 
accordance with the present invention. When such mod- 
ifications are made, the angular span of the mark region 
of the vane will generally, but not exactly, correspond to 
55 the positive torque producing region of the phase wind- 
ings. A similar modification may be required for other 
types of sensing devices. In all cases, however, the aim 
is to produce RPT signals whose mark/space ratios cor- 
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respond to the ratios of angular periods of positive and 
negative torque. 

[0052] The positioning of the two sensing devices 75 
and 76 in the present invention takes advantage of the 
fact that the placement of the rotor poles about the rotor 
is symmetric and that each rotor pole is offset from the 
next adjacent rotor pole by 180 mechanical degrees. 
When a rotor having two symmetric rotor poles is used, 
the two sensing devices 75 and 76 should be positioned 
such that the angle formed by the two sensing devices 
75 and 76 spans 90 mechanical degrees. This is illus- 
trated in Figure 1 0 where the angle spanned by sensing 
devices 75 and 76 is 90 mechanical degrees. 
[0053] When the RPT vane is properly constructed 
and the sensing devices properly positioned in accord- 
ance with the present invention, the appropriate switch- 
ing signals will be generated. This is illustrated in Fig- 
ures 1 1 A-1 1 D. As Figure 1 1 A indicates ; during the inter- 
val over which the rotor rotates from angular position 
represented by 0 degrees to the angular position repre- 
sented by 30 degrees, the output of sense detector 75, 
and RPT A . and the output of sense detector 76 and 
RPT B , are both logic "1°, resulting in the energisation of 
phase windings A and B. As the rotor continues to rotate 
from 30 degrees to 90 degrees the mark region of the 
vane will continue to block light from sense detector 75, 
resulting in a logic "1 ■ RPT A signal over this interval, and 
continued energisation of phase winding A. Over this 
same period there is nothing to block the light to sense 
detector 76 and the output RPT B signal is a logic "0". 
This is illustrated in Figure 11 B. 

[0054] Figure 11 C illustrates the rotor's rotation from 
90 degrees through 120 degrees. During this period of 
rotation, the outputs of both RPT sensors are high and 
both phase windings are energised. Figure 11 D illus- 
trates the outputs for the rotor's rotation from 120 de- 
grees to 180 degrees. During this interval, the output of 
RPT A is a logic "0 M and the output of RPT B is a logic "1°. 
Because the rotor is symmetrical, the RPT outputs for 
the region defined by 180 degrees to 360 degrees is a 
duplicate of the region defined by 0 degrees to 1 80 de- 
grees. As explained above, the outputs of the RPT are 
applied to the electronic controller to control the switch- 
ing of the phase windings. 

[0055] The invention utilizes the overlapping angular 
region in which torque in the desired direction is availa- 
ble from both phases of a two-phase reluctance ma- 
chine. To achieve this in at least a portion of the region 
in which torque is available both phases are energised 
simultaneously. While it is described above in relation 
to the full region in which torque is available from both 
phases, the skilled person will appreciate that a propor- 
tion of the region may be used for simultaneous energi- 
sation instead. 

[0056] The invention is also applicable to reluctance' 
generators in which the applied input torque is translat- 
ed into an output voltage. By simultaneous switching of 
the windings, according to the invention a smoother out- 



put voltage can be produced. 

[0057] The skilled person will also be aware that re- 
luctance machines can be arranged with the rotor em- 
bracing an inner stator. The invention is equally appli- 
5 cable to this construction as well. Similarly, the invention 
can be used in relation to linear reluctance motors in 
which the moving member travels across a sequentially 
energised stator track. The moving member in a linear 
reluctance motor is still often referred to as the rotor. 
io The term "rotor" is intended to embrace such moving 
members in linear reluctance motors. 
[0058] While the invention has been described in con- 
nection with the illustrative embodiments discussed 
above, those skilled in the art will recognized that many 
15 variations may be made without departing from the 
present invention. For example, the discussed exam- 
ples utilized an RPT making use of a light sensor and a 
vane including light transmissive and light blocking re- 
gions As those skilled in the art will be aware, light re- 
20 fleeting and non-light reflecting regions could be used 
or other types of RPTs, including RPTs using Hall-effect 
or capacitive, inductive or magnetic-based devices and 
RPTs where the mark and space regions are reversed 
could be used without departing from the scope of the 
25 present invention. Moreover, the specific mark and 
space regions in the above example were provided for 
illustrative purposes only, it will be understood that dif- 
ferent mark space regions can be used without depart- 
ing from the present invention. 
30 [0059] The above description of several embodi- 
ments is made by way of example and not for purposes 
of limitation. In particular, the invention is applicable to 
switched reluctance machines having numbers of stator 
and rotor poles different from those illustrated above. 
35 The present invention is intended to be limited only by 
the scope of the following claims. 

Claims 

40 

1 . A switched reluctance drive system comprising: 

a two-phase switched reluctance machine hav- 
ing a stator (30) with stator poles, a rotor (35) 
45 and phase windings (1 7) arranged in relation to 

the stator for energisation of the stator poles; 
switch means (84, 85) connected with each of 
the phase windings; 

position indicator means (74, 75, 76) for pro- 
50 ducing signals indicative of the position of the 

rotor relative to the stator; and 
control means (77) responsive to an input de- 
mand and to the said signals from the position 
indicator means to actuate the switch means to 
55 control the current in the phase windings; char- 

acterised in that 

the control means are also operable to actuate 
the switch means of both phases simultaneous- 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP 0 734 117 B1 



16 



ly when the rotor is in a position in which ener- 
gisation of both phases will contribute to torque 
production in the same direction in accordance 
with the input demand. 

A system as claimed in claim 1 in which the position 
indicator means comprise first position sensing 
means (75) arranged to produce turn-on and turn- 
off signals for the switch means in accordance with 
torque productive regions of the position of the rotor 
relative to the stator in the desired direction for one 
of the phases, and second position sensing means 
(76) arranged to produce turn-on and turn-off sig- 
nals in accordance with torque productive regions 
of the position of the rotor relative to the stator in 
the said desired direction for the other of the phas- 



A system as claimed in claim 2 in which a sensor 
output influencing member (74) is arranged to ro- 
tate with the rotor, the first and second position 
sensing means (75 : 76) being arranged in relation 
to the said member to be influenced thereby. 
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switched reluctance machine having a rotor, a sta- 
tor and at least one phase winding for each phase, 
comprising: 

sensing the position of the rotor relative to the 
stator: 

actuating switch means in accordance with the 
position of the rotor relative to the stator to en- 
ergise the phase windings in sequence to pro- 
duce an output; and characterized by further 
actuating the switch means in accordance with 
the position of the rotor relative to the stator to 
energise the phase windings simultaneously 
when the rotor is in a position in which energi- 
sation of both phases contributes to the output 
torque in a desired direction. 

A method as claimed in claim 9, including sensing 
the position of the rotor relative to the stator poles 
associated with the at least one winding of one 
phase and separately sensing the position of the ro- 
tor relative to the stator poles associated with the at 
least one winding of the other phase. 



4. A system as claimed in claim 3 in which the member 
is a vane (74) defining first and second sensor out- 
put influencing regions, such that the sensing 
means produce a binary output corresponding to 
switch means turn-on and turn-off signals as the ro- 
tor rotates. 

5. A system as claimed in claim 2, 3 or 4 in which the 
control means include a first signal conditioning 
means (88) for conditioning the output of the first 
position sensing means (75) and a second signal 
conditioning means (89) for conditioning the output 
of the second position sensing means (76), the out- 
puts of the conditioning means being respectively 
operatively connected to actuate the switch means 
of the two phases. 

6. A system as claimed in any preceding claim in 
which the rotor is a stepped air-gap rotor, having at 
least one radially outer pole face defining two arcu- 
ate surfaces relatively radially closer to and more 
spaced from the faces of the stator poles. 

7. A system as claimed in any preceding claim in 
which the control means and the rotor position 
sensing means are arranged to run the switched re- 
luctance machine as a motor. 

8. A system as claimed in any of claims 1 to 6 in which 
the control means and the rotor position sensing 
means are arranged to run the switched reluctance 
machine as a generator. 

9. A method of controlling the output of a two-phase 



25 11. A method as claimed in claim 9 or 10, including 
starting the machine by energising the phase wind- 
ings simultaneously when the rotor is in a position 
in which energisation of both phases contributes to 
the output torque in a desired direction. 

30 

12. A position transducer for a two-phase switched re- 
luctance machine, having a stator (30) with stator 
poles, a rotor (35) and phase windings (17) ar- 
ranged in relation to the stator for energisation of 

35 the stator poles, the transducer comprising: 

first position indicator means (75) for producing 
position signals indicative of the position ol the 
rotor relative to the stator in which a desired di- 
40 rection of torque production is available from 

one of the phases; 

second position indicator means (76) for pro- 
ducing position signals indicative of the position 
of the rotor relative to the stator in which the 
4$ desired direction of torque production is avail- 

able from the other of the phases; character- 
ized in that 

the first and second position indicator means 
are arranged to produce signals indicative of ro- 
50 tor positions in which the desired direction of 

torque production is available from both phases 
simultaneously. 

13. A transducer as claimed in claim 12 in which the 
55 first and second position indicator means (75, 76) 

share a member (74) mountable to rotate with the 
rotor of the machine, each position indicator means 
having a sensor operable to produce the position 
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signals under the influence of the member. 



Patentanspruche 

1. Geschaltetes Reluktanz-Antriebssystem. umfas- 
send: 

eine geschaltete Zwei-Phasen-Reluktanzma- 
schine, die einen Stator (30) mit Statorpolen 
aufweist sowie einen Rotor (35) und Phasen- 
wicklungen (17), die in Bezug auf den Stator 
zur Erregung der Statorpole angeordnet sind; 

eine Schaltvorrichtung (84, 85), die mit jeder 
der Phasenwicklungen verbunden ist; 

eine Positionsanzeigevorrichtung (74, 75, 76), 
urn Signale zu erzeugen, die die Position des 
Rotors relativ zu dem Stator anzeigen; und 

eine Steuereinrichtung (77), die auf eine Ein- 
gabeanforderung und auf die Signale von der 
Positionsanzeigevorrichtung reagiert, um die 
Schalteinrichtung zu betatigen, um den Strom 
in den Phasenwicklungen zu steuern; dadurch 
gekennzeichnet, dass 

die Steuereinrichtung auch betreibbar ist, um 
die Schaltvorrichtung der beiden Phasen simul- 
tan zu betatigen, wenn der Rotor in einer Posi- 
tion ist, in der die Erregung von beiden Phasen 
zur Drehmomenterzeugung in der gleichen 
Richtung in Ubereinstimmung mit der Eingabe- 
anforderung beitragen wird. 

2. System nach Anspruch 1 , in welchem die Positions- 
anzeigevorrichtung eine erste Posit ionssensorein- 
richtung (75) umfasst, die angeordnet ist, um Ein- 
schalt- und Ausschattsignale fur die Schalteinrich- 
tung in Ubereinstimmung mit Drehmomenterzeu- 
gungsbereichen der Position des Rotors relativ zu 
dem Stator in der gewunschten Richtung fur eine 
der Phasen zu erzeugen, und eine zweite Positi- 
onssensoreinrichtung (76), die angeordnet ist, um 
Einschalt- und Ausschaltsignale in Obereinstim- 
mung mit Drehmomenterzeugungsbereichen der 
Position des Rotors relativ zu dem Stator in der ge- 
wunschten Richtung fur die andere der Phasen zu 
erzeugen. 

3. System nach Anspruch 2, in welchem ein Element 
zum Beeinflussen von Sensorausgaben (74) ange- 
ordnet ist, um sich mft dem Rotor zu drehen, wobei 
die ersten und zweiten Positionssensoreinrichtun- 
gen (75, 76) in Bezug auf das Element angeordnet 
sind : um dadurch beeinflusst zu werden. 



4. System nach Anspruch 3, in welchem das Element 
ein Flugel (74) ist, der erste und zweite Bereiche 
zum Beeinflussen einer Sensorausgabe definiert, 
und zwarderart, dass die Sensoreinrichtungen eine 

5 binare Ausgabe erzeugen, die Einschalt- und Aus- 
schaltsignalen der Schalteinrichtung entsprechen, 
wenn der Rotor sich dreht. 

5. System nach Anspruch 2, 3 oder 4, in welchem die 
10 Steuereinrichtung eine erste Signalaufbereitungs- 

einrichtung (88) zum Aufbereiten der Ausgabe der 
ersten Posistionssensoreinrichtung (75) umfasst 
sowie eine zweite Signalaufbereitungsvorrichtung 
(89) zum Aufbereiten der Ausgabe der zweiten Po- 
75 sitionssensoreinrichtung (76), wobei die Ausgaben 
der Aufbereitungseinrichtung jeweils betrieblich 
verbunden sind, um die Schalteinrichtung der zwei 
Phasen zu betatigen. 

20 6. System nach irgendeinem vorhergehenden An- 
spruch, in welchem der Rotor ein gestufter Luft- 
spalt-Rotor ist, der wenigstens eine radial auRere 
Polflache aufweist, die zwei bogenformige Oberfla- 
chen definiert, die relativ radial naher zu den Fla- 

25 chen der Statorpole sind und starker von diesen be- 
abstandet sind. 

7. System nach irgendeinem vorhergehenden An- 
spruch, in welchem die Steuereinrichtung und die 

30 Rotorpositionssenoreinrichtung angeordnet sind ; 
um eine geschaltete Reluktanzmaschine als einen 
Motor zu betreiben. 

8. System nach einem der Anspruche 1 bis 6, in wel- 
35 chemdie Steuereinrichtung und die Rotorpositions- 

sensoreinrichtung angeordnet sind, um eine ge- 
schaltete Reluktanzmaschine als einen Generator 
zu betreiben. 

40 9. Verlahren zur Steuerung der Ausgabe einer ge- 
schalteten Zwei-Phasen-Reluktanzmaschine, die 
einen Rotor, einen Stator und wenigstens eine Pha- 
senwicklung fur jede Phase aufweist, umfassend: 

45 Ermitteln der Position des Rotors relativ zu dem 

Stator; 

Betatigen von einer Schalteinrichtung in Uber- 
einstimmung mit der Position des Rotors relativ 
50 zu dem Stator, um die Phasenwicklungen der 

Reihe nach zu erregen, um eine Ausgabe zu 
erzeugen; und 

gekennzeichnet durch das weitere Betatigen der 
55 Schalteinrichtung in Ubereinstimmung mit der Po- 
sition des Rotors relativ zu dem Stator um die Pha- 
senwicklungen simultan zu erregen, wenn der Ro- 
tor in einer Position ist, in der die Erregung von bei- 
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den Phasen zu dem Ausgabedreh moment in einer 
erwunschten Richtung beitragt. 

10. Verfahren nach Anspruch 9, umfassend das Ermrt- 
teln der Position des Rotors relativ zu den Stator- 
polen, die mil wenigstens einer Wicklung von einer 
Phase verbunden sind, sowie das separate Ermit- 
teln der Position des Rotors relativ zu den Stator- 
polen, die mit der wenigstens einen Wicklung der 
anderen Phase verbunden sind. 

11. Verfahren nach Anspruch 9 Oder 10, umfassend 
das Starten der Maschine durch das simultane Er- 
regen der Phasenwicklungen, wenn der Rotor in ei- 
ner Position ist, in der die Erregung von beiden Pha- 
sen zu dem Ausgabedrehmoment in einer er- 
wunschten Richtung beitragt. 

^2. Positionswandlereinrichtung fur eine geschaltete 
Zwei-Phasen-Reluktanzmaschine, die einen Stator 
(30) mit Statorpolen, einen Rotor (35) und Phasen- 
wicklungen (17) auf weist, die in Bezug auf den Sta- 
tor zum Erregen der Statorpole angeordnet sind, 
wobei die Wandl ere in richtung umfasst: 

eine erste Positionsanzeigevorrichtung (75), 
urn Positionssignale zu erzeugea die die Posi- 
tion des Rotors relativ zu dem Stator anzeigt, 
wobei in der Position eine erwunschte Richtung 
der Drehmomenterzeugung von einer der Pha- 
sen verfugbar ist; 

eine zweite Positionsanzeigvorrichtung (76), 
um Positionssignale zu erzeugen, die die Posi- 
tion des Rotors relativ zu dem Stator anzeigt, 
wobei in der Position die erwunschte Richtung 
der Drehmomenterzeugung von der anderen 
der Phasen verfugbar ist; dadurch gekenn- 
zeichnet, dass 

die ersten und zweiten Positionsanzeigevor- 
richtungen angeordnet sind, um Signale zu er- 
zeugen, die Rotorpositionen anzeigen, in de- 
nen die erwunschte Richtung der Drehmo- 
menterzeugung fur beide Phasen simuttan ver- 
fugbar ist. 

13. Wandlereinrichtung nach Anspruch 12, in welcher 
sich die ersten und zweiten Positionsanzeigevor- 
richtungen (75 r 76) ein Element (74) teilen, das be- 
festigbar ist, um sich mit dem Rotor der Maschine 
zu drehen, wobei jede Positionsanzeigevorrichtung 
einen Sensor aufweist, der betreibbar ist, um die 
Positionssignale unter dem Einfluft des Elements 
zu erzeugen. 



Revendications 

1. Systeme de commande de reluctance commutee 
comprenant : 

5 

une machine a reluctance commutee a deux 
phases comportant un stator (30) avec des po- 
les de stator, un rotor (35) et des enroulements 
de phase (17) agences en relation avec le sta- 

10 tor pour I'excitation des poles de stator : 

des moyens de commutation (84, 85) connec- 
tes a chacun des enroulements de phase ; 
des moyens indicateurs de position (74, 75, 76) 
pour produire des signaux indiquant la position 

15 du rotor par rapport au stator ; et 

des moyens de commande (77) repondant a 
une demande d'entree et auxdits signaux pro- 
venant des moyens indicateurs de position 
pour actionner les moyens de commutation 

20 pour commander le courant dans les enroule- 

ments de phase ; caracterise en ce que 
les moyens de commande peuvent egalement 
agir pour actionner les moyens de commutation 
des deux phases simultanement forsque le ro- 

25 tor est dans une position dans laquelle I'excita- 

tion des deux phases contribue a la production 
d'un couple dans la meme direction en fonction 
de la demande d'entree. 

30 2. Systeme selon la revendication 1 , dans tequel les 
moyens indicateurs de position comprennent des 
premiers moyens detecteurs de position (75) agen- 
ces pour produire des signaux d'activation et de de- 
sactivation pour les moyens de commutation en 

35 fonction des regions productrices de couple de la 
position du rotor par rapport au stator dans la direc- 
tion desiree pour Tune des phases et des deuxie- 
mes moyens detecteurs de position (76) agences 
pour produire des signaux d'activation et de desac- 

40 livation en fonction des regions productrices de 
couple de la position du rotor par rapport au stator 
dans ladite direction desiree pour I'autre des pha- 
ses. 

45 3. Systeme selon la revendication 2 ; dans lequel un 
element influencant la sortie du detecteur (74) est 
agence pour tourner avec le rotor les premiers et 
deuxiemes moyens de detection de position (75.. 
76) etant agences en relation avec ledit element 

50 pour etre influences par celui-ci. 

4. Systeme selon la revendication 3 ; dans lequel I'ele- 
ment est une pale (74) definissant une premiere et 
une deuxieme regions influencant la sortie du de- 
55 tecteur, de facon que les moyens de detection pro- 
duisent une sortie binaire correspondant aux si- 
gnaux d'activation et de deactivation des moyens 
de commutation lorsque le rotor toume. 
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5. Systeme selon la revendication 2, 3 ou 4, dans le- 
quel les moyens de commande comportent des pre- 
miers moyens de conditionnement de signal (88) 
pour conditionner la sortie des premiers moyens 
detecteurs de position (75) et des deuxiemes 
moyens de conditionnement de signal (89) pour 
conditionner la sortie des deuxiemes moyens de- 
tecteurs de position (76), les sorties des moyens de 
conditionnement etant respectivement fonctionnel- 
lement connectees pour actionner les moyens de 
commutation des deux phases. 

6. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel le rotor est un rotor 
a entrefer d'air echelonne\ comportant au moins 
une lace de pole radialement externe definissant 
deux surfaces courbes relativement radialement 
plus proches et plus espacees des faces des poles 
de stator. 

7. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel les moyens de com- 
mande et les moyens de detection de position de 
rotor sont agences pourfaire tonctionner la machi- 
ne a reluctance commutee comme un moteur. 

8. Systeme selon Tune quelconque des revendica- 
tions 1 a 6, dans lequel les moyens de commande 
et les moyens de detection de position de rotor sont 
agences pour taire tonctionner la machine a reluc- 
tance commutee comme un generateur. 

9. Procede de commande de la sortie d'une machine 
a reluctance commutee a deux phases comportant 
un rotor, un stator et au moins un enroulement de 
phase pour chaque phase, comprenant : 

la detection de la position du rotor par rapport 
au stator ; 

I'actionnement de moyens de commutation en 
fonction de la position du rotor par rapport au 
stator pour exciter les enroulements de phase 
en sequence pour produire une sortie ; et ca- 
racterise en outre par I'actionnement des 
moyens de commutation en fonction de la po- 
sition du rotor par rapport au stator pour exciter 
les enroulements de phase simultanement 
lorsque le rotor est dans une position dans la- 
quelle I'excitation des deux phases contribue 
au couple de sortie dans une direction desiree. 



1 1 . Procede selon la revendication 9 ou 1 0, comportant 
le demarrage de la machine par excitation des en- 
roulements de phase simultanement lorsque le ro- 
tor est dans une position dans laquelle I'excitation 

5 des deux phases contribue au couple de sortie dans 
une direction desiree. 

12. Transducteur de position pour une machine a reluc- 
tance commutee a deux phases comportant un sta- 

10 tor (30) avec des poles de stator, un rotor (35) et 
des enroulements de phase (17) agences en rela- 
tion avec le stator pour I'excitation des poles de sta- 
tor, le transducteur comprenant : 

is des premiers moyens indicateurs de position 

(75) pour produire des signaux de position in- 
diquant la position du rotor par rapport au stator 
dans laquelle une direction desiree de la pro- 
duction de couple est disponible a partir de 

20 rune des phases ; 

des deuxiemes moyens indicateurs de position 

(76) pour produire des signaux de position in- 
diquant la position du rotor par rapport au stator 
dans laquelle la direction desiree de la produc- 
es tion de couple est disponible a partir de I'autre 

des phases ; caracterise en ce que 
les premiers et deuxiemes moyens indicateurs 
de position sont agences pour produire des si- 
gnaux indiquant les positions de rotor dans les- 
30 quelles la direction desiree de production de 

couple est disponible a partir des deux phases 
simultanement. 

1 3. Transducteur selon la revendication 1 2 : dans lequel 
3S les premiers et deuxiemes moyens indicateurs de 

position (75, 76) partagent un element (74) pouvant 
etre monte pour toumer avec le rotor de la machine, 
chaque moyen indicateur de position comportant 
un d6tecteur capable de produire les signaux de po- 
40 sition sous I'influence de Telement. 



10. Procede selon la revendication 9, comportant la de- 
tection de la position du rotor par rapport aux poles 
de stator associes au au moins un enroulement 
d'une phase et la detection separ§e de la position 55 
du rotor par rapport aux poles de stator associes au 
au moins un enroulement de I'autre phase. 
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FIG. 3 



15 



EP 0 734 117 B1 




16 



EP 0 734 117 B1 




17 



EP 0 734 117 B1 



I- 1 

=> 

Q. 

I — 

ZD 

O 



45° 



90° 

ROTATION 



135° 



180° 



FIG. 6A 



PHASE A 
ENERGIZED 



NOT 
ENERGIZED 



0° 



45° 



90° 

ROTATION 



135° 



180° 



FIG. 6B 



PHASE B 
ENERGIZED 



NOT 
ENERGIZED 



0° 



45° 



90° 

ROTATION 



135° 



180° 



FIG. 6C 



18 



EP 0 734 117 B1 




EP 0 734 117 B1 



80 



+VO- 



84a 



85a 



A 86a 



A 87a 



82c 



83 < 



A 86b 



A 87b 



81 



84b 



Oo- 



85b 



75 



76- 



Az 



88 



89 



-77 



FIG. 8 



20 



EP 0 734 117 B1 




21 



EP 0 734 117 B1 




RPT A : 

0° 60° 120° " 180° 240° 300° 360° 



RPTb : j i : : 

0° 30° 60° 90° 120° 180° 210° 240° 270° 300° 360° 

ROTATION 

FIG. 9B 



22 



EP 0 734 117 B1 




FIG. 10 



23 



EP 0 734 117 B1 



75° 




75o 



75o 



0-30° 





75a 



30-90 c 




SENSE 
DETECTOR 
75/RPTa 


SENSE 
DETECTOR 
76/RPT B 


1 


1 



FIG. 11 A 



SENSE 
DETECTOR 
75/RPTa 


SENSE 
DETECTOR 
76/RPTb 


1 


0 



FIG. 11B 



750 




75a 



90-120° 




SENSE 
DETECTOR 
75/RPTa 


SENSE 
DETECTOR 
76/RPTb 


1 


1 



FIG. 11C 



75a 




75a 



120-180° 




SENSE 
DETECTOR 
75/RPTa 


SENSE 
DETECTOR 
76/RPTb 


0 


1 



FIG.11D 



24 



